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(57) A method and apparatus for estimating the lo- 
cation of a mobile terminal (120, 130, 140). The method 
estimates the locations by: a) using at least one fonward- 
link geo-location technique without using any reverse- 
link geo-location techniques, this being performed when 
there are enough base stations visible (112, 114, 116) 
to the mobile terrninal (140) to be able to use the for- 
ward-link geo-location technique without using ariy re- 
verse-link geo-location techniques to estimate the loca- 
tion, and b) using at least one reverse-link geo-location 
technique when there are not enough base stations 
(112, 114, 116) visible to the mobile temninal (120, 130) 
to be able to use the forward-link geo-location technique 
without also concurrently using any reverse-link geo-lo- 
cation techniques to estimate the location. The fbnward- 
llnk geo-location techniques can be used either alone 
or in combination with each other, and include such 
known geo-location techniques as a time-difference-of- 
arrival technique and angle-difference-of-arrival tech- 
nique. Illustratively, when the predetermined number, 
for example three, base stations (112, 114, 116) are vis- 
ible to the mobile temninal (140), the location of the mo- 
bile terminal (140) Is estimated using time-difference-of- 
arrival. When fewer than three base stations (112, 114, 
116) -are visible to the mobile terminal (120. 130), the 
location of the mobile terminal (120, 130) is estimated 
using round trip delay. Estimating the location of a mo- 
bile temninal (140) by using only forward-link geo-loca- 
tion techniques when there are enough base stations 
(112, 114. 116) visible to the mobile terminals (140) to 



be able to use forward-link geo-location techniques, pro- 
duces a more accurate estimation of the mobile termi- 
nal's location. It also allows wireless assisted GPS 
(AGPS) systems to more quickly estimate a more pre- 
cise location of the mobile terminal (140). 
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Description 

Background of the Invention 

[0001] The present invention relates generally to wire- 
less communication systems and, in particular, to meth- 
ods used in wireless communication systems to locate 
a mobile terminal. 

[0002] Estimating the location of a mobile terminal is 
becoming more and more important in wireless commu- 
nication systems. For example, the location of a mobile 
terminal is used in applications such as emergency 911 
and location-based billing. A number of geo-location . 
techniques are known for estimating the location of a 
mobile terminal. A typical one of these geo-location 
techniques is to estimate and use a round-trip de- 
lay — the time it takes a signal to travel from a base sta- 
tion to the mobile terminal and back — to determine the 
distance of the mobile terminal from the base station. 
This distance and knowledge of which so-called sector 
of the cell of the wireless communication system the mo- 
bile terminal is located in are then used to determine the 
location of the mobile terminal. This typically allows the 
estimation of the location of the mobile terminal with an 
accuracy of between 200 meters (m) and 1500 m, de- 
pending on the size of the cell. 

[0003] Other geo-location techniques can be used in- 
stead of, or in addition to, round trip delay to estimate 
the location of the mobile terminal. For example, U.S. 
Patent No, 6.061,337, entitled "System and Method for 
CDMA Handoff Using Telemetry to Determine the Need 
for Handoff and to Select the Destination Cell Site", and 
U.S. Patent No. 5,969.679, entitled "Method and Appa- 
ratus for Determining Whether a Wireless Station is Op- 
erating Within a Prescribed Geographic Region", both 
incorporated herein by this reference, describe geo-lo- 
cation techniques that can be used to estimate the lo- 
cation of the mobile terminal. The location of the mobile 
terminal can also be estimated using the well-known 
techniques of time-difference-of-arrival, angle-differ- 
ence-of-arrival. and/or the angle-of-arrival. Some of 
these geo-location techniques can be used regardless 
of the number of base stations visible to the mobile ter- 
minal while others cannot be used unless a certain 
number of base stations are "visible" to the mobile ter- 
minal. A base station is said to be visible to the mobile 
terminal when its so-called pilot signal is adequately de- 
tectable by the mobile terminal. For example, time-dif- 
ference-of-arrival and round trip delay can be used in 
combination to determine the location of the mobile ter- 
minal when at least two base stations are visible to the 
mobile terminal. However, to use time-difference-of-ar- 
rival alone to detiermine the location of the mobile termi- 
nal at least three base stations should be visible to the 
mobile terminal. 

[0004] In some applications the degree of accuracy of 
the location of the mobile terminal estimated with the 
various geo-location techniques and/or combinations of 



same, as just described, is acceptable. In other applica- 
tions, however, a still higher degree of accuracy is re- 
quired. In such cases, the estimated location can be 
used as a parameter in other techniques, for example, 
5 wireless assisted GPS (AGPS), to estimate the location 
of the mobile terminal more precisely, i.e. to refine the 
estimated location of the mobile terminal. A more accu- 
rate estimation of the location of the mobile terminal pro- 
vided by the geo-location techniques allows for a quick- 
ie? er estimation of the location of the mobile terminal by 
such techniques as AG PS. 

[0005] Due to both ever-more-stringent government 
requirements and to the increased profitability of system 
operation resulting from improvement in the speed and 

15 accuracy of estimating the location of mobile terminals, 
such improvement is a continuing goal in the wireless 
communication industry. Thus, while the known geo-lo- 
cation techniques for estimating the location of the mo- 
bile terminal are good enough to fill most present re- 

20 quirements, they may not fill proposed government re- 
quirements and/or Industry desires going forward. 
Therefore, there Is still a need to estimate the location 
of the mobile terminal more accurately. 

25 Summary of the Invention 

[0006] The present inventors have realized that fur- 
ther improvement in estimating the location of a mobile 
terminal is possible. Some geo-location techniques, re- 
do ferred to herein as forward-link geo-location techniques, 
use only information obtained from one or more forward- 
link signals — the signals that are transmitted from the 
base station to the mobile terminal. Other geo-location 
techniques, referred to herein as reverse-link geo-loca- 
35 tion techniques, use information obtained from reverse- 
link signals — the signals that are transmitted from the 
mobile terminal to the base station — either alone or in 
cbmbiniation with information obtained from the forward- 
link signals. The present invention takes advantage of 
40 the present inventors* recognition that when there are 
enough base stations visible to the mobile terminal to 
be able to use the forward-link geo-location techniques, 
. then the reverse-link signals are typically weak. As a re- 
sult, when there are enough base stations visible to the 
45 mobile terminal to be able to use the forward-link geo- 
location techniques, the reverse-link geo-location tech- 
niques may produce results that are less accurate than 
the results produced by the forward-link geo-location 
techniques. Thus, even a technique that combines the 
50 results of the forward-link and reverse-link geo-location 
techniques may produce results that are less accurate 
then the results produced by the forward-link geo-loca- 
tipn techniques alone. 

[0007] In accordance with the present invention, then, 
55 the estimation of the location of a mobile terminal is im- 
proved by: a) using at least one forward-link geo-loca- 
tion technique without using any reverse-link geo-loca- 
tion techniques, this being performed when there are 
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enough base stations visible to the mobile terminal to 
be able to use the forward-link geo-location technique 
without using any reverse-link geo-location techniques 
to estimate the location, and b) using at least one re- 
verse-link geo-location technique when there are not 
enough base stations visible to the mobile terminal to 
be able to use the forward-link geo-location technique 
without also concurrently using any reverse-link geo-lo- 
cation techniques to estimate the location. 
[0008] The forward-link geo-location techniques can 
be used either alone or in combination with each other, 
and include such known geo-location techniques as a 
time-difFerence-of-arrlval technique and angle-differ- 
ence-of-arrival technique. 

[0009] In an illustrative embodiment of the invention, 
when the predetermined number, for example three, 
base stations are visible to the mobile terminal, the lo- 
cation of the mobile terminal is estimated using time- 
difference-of-arrival. When fewer than three base sta- 
tions are visible to the mobile terminal, the location of 
the mobile terminal is estimated using round trip delay. 
[0010] Estimating the location of a mobile terminal by 
using only forward-link geo-location techniques when 
there are enough base stations visible to the mobile ter- 
minals to be able to use forward-link geo-location tech- 
niques, produces a more accurate estimation of the mo- 
bile terminal's location. It also allows wireless assisted 
GPS (AGPS) systems to more quickly estimate a more 
precise location of the mobile terminal. 

Brief Description of the Drawings 

[0011] 

Figure 1 is a diagram of a portion of a wireless com- 
munication system; 

Figure 2 is a diagram of a portion of a wireless com- 
munication system according to an embodiment of 
the present invention; and 

Figure 3 is a flowchart of the operation of the wire- 
less communication system of Figure 2. 

Detailed Description 

[0012] As shown in Figure 1, the geographic area 
serviced by a wireless communications system 100 is 
divided into a plurality of spatially distinct areas called 
"cells." For ease of analysis each cell 102, 104, and 106 
is typically approximated and schematically represent- 
ed by a hexagon in a honeycomb pattern. However, 
each cell is actually of an irregular shape that depends 
on the topography of the terrain surrounding the cell. 
Each cell 102. 104, 106 can be divided Into a plurality 
of sectors, such as three 120° sectors. Cell 102 is divid- 
ed into sectors 102a. 102b. and 102c; cell 104 is divided 
into sectors 104a, 104b. and 104c; and cell 106 is divid- 
ed into sectors 106a. and 106b and 106c. Each cell 102; 
104. 106 contains one base station 112. 114, 116. re- 



spectively, each of which includes equipment to com- 
municate with Mobile Switching Center ("MSC") 118. 
MSC 118 is connected to local and/or long-distance 
transmission network 119. such as a public switched tel- 

5 ephone network (PSTN). Each base station 112. 114. 
116 also includes transmitters and antennas. Typically, 
each base station includes different transmitters and an- 
tennas for each sector that the base station serves. The 
base stations use the transmitters and antennas to com- 

10 municate over an air interface with mobile terminals, 
such as mobile terminals 120, 130, and 140. 
[0013] Estimating the location of the mobile terminal 
is becoming more and more important in wireless com- 
munication systems. Position determination entity 

IS (PDE) 150 determines the location of mobile terminals. 
Typically, the PDE is a processor that uses the informa- 
tion provided by the base stations and/or the mobile ter- 
minals, as described below, to determine the location of 
the mobile terminal. PDE 150 receives this information 

20 from MSC 118 to which PDE 150 is connected. PDE 150 
can be co-located with the MSC or with any of the base 
stations, and can share processing capacity with the 
MSC, or some other part of the wireless communication 
system. When PDE 150 Is used in a wireless communi- 

25 cation system that uses AGPS, PDE 150 can also in- 
clude GPS receiver 160. 

[0014] PDE 150 can use any of a number of geo-lo- 
cation techniques that are known for estimating the lo- 
cation of a mobile terminal. A typical one of these geo- 

30 location techniques is to estimate and use a round-trip 
delay — the time It takes a signal to travel from base sta- 
tion 116 to mobile terminal 120 and back — to determine 
the one way delay — the time it takes to travel between 
the mobile terminal and the base station. One way delay 

35 is calculated by subtracting the transmitting and receiv- 
ing time delays from the round trip delay and dividing 
the result by two. The transmitting and receiving time 
delays can be determined by calibrating the base sta- 
tion. The one way delay is multiplied by the speed of 

40 light to produce the distance of mobile terminal 120 from 
base station 116. This distance and the knowledge that 
mobile terminal is located in sector 106a are then used 
to determine the location of mobile terminal 1 20. This 
typically allows the estimation of the location of mobile 

45 terminal 120 with an accuracy of between 200 m and 
1500 m, depending on the size of cell 1061 
[001 5] Other geo-location techniques can be used in- 
. stead of, or in addition to, round trip delay to estimate 
the location of the mobile terminal. For example, the lo- 

50 cation of mobile terminal 140 can be estimated using 
such techniques known in the art as tirne-difference-of- 
arrival. angle-difference-of-arrival, or angle-of-arrival. 
Some of these geo-location techniques can be used re- 
gardless of the number of base stations visible to the 

55 mobile terminal while others cannot be used unless a 
certain number of base stations are visible to the mobile 
terminal. A base station is said to be "visible" to the mo- 
bile terminal (i.e. a mobile terminal can "see" a base sta- 
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tion) when signal transmitted by the base station are de- 
tectable by the mobile terminal. For example, a base 
station is visible to the mobile terminal when a pilot sig- 
nal — a direct-sequence spread spectrum signal trans- 
mitted continuously by each base station — is detectable 
by the mobile terminal. This means that the mobile ter- 
minal receives the signals with at least a threshold de- 
gree of signal quality, e.g. the signals' strength is ade- 
quately higher than that of noise. For example, the pilot 
signal's signal strength, as received by the mobile ter- 
minal, may be considered to be adequately higher than 
that of noise when its signal strength is any value be- 
tween -12 dB to -18 dB. Typically, once this criterion has 
been met, the base station is added to the mobile ter- 
minal's candidate set — a set of base stations that may 
be candidates for communication with the mobile termi- 
nals. The base station is nrioved from the candidate set 
into the mobile terminal's active set — a set of base sta- 
tions with which the mobile terminal is communicat- 
ing — when the pilot signal is definitely detectable. Thus, 
in one illustrative embodiment of the invention, the pres- 
ence of a particular base station In the mobile terminal's 
candidate set or active set at any particular point in time 
serwes as a convenient way for the PDE to know that 
this base station's pilot signal is being received with at 
least the threshold degree of signal quality. However, in 
some systems the base station may be in the mobile 
terminars candidate set and yet the mobile terminal may 
not be receiving this base station's pilot signal with the 
threshold degree of signal quality. In these systems, it 
is the presence of the base station in the mobile termi- 
nal's active set that serves as a way for the PDE to know 
that this base station's pilot signal is being received with 
the threshold degree of signal quality. 
[001 6] For example, mobile terminal 120 can see only 
one base station, 116; mobile terminal 130 can see two 
base stations. 112 and 114; and mobile terminal 140 can 
see three base stations, 112, 114, and 116. 
[001 7] The location of the mobile terminal can also be 
estimated using a weighted average of geo-location 
techniques, such as the ones mentioned above. See, 
for example, U.S. Patent Application, Serial No, 
09/251,500, entitled "Method for Combing Multiple 
Measurements to Determined the Position of a Mobile 
Transceiver", incorporated herein by this reference. In 
this technique, the mobile terminal's location is estimat- 
ed using several geo-location techniques alone or in 
combination. The results of these techniques are then 
averaged, or weighted and averaged, to estimate the 
location. of the mobile terminal. For example, base sta- 
tion 116 provides PDE 150 with the information available 
when a mobile terminal only sees one base station. The 
base station provides PDE 150 with the round trip delay 
and the information contained in the pilot strength meas- 
urement message transmitted by the mobile terminal to 
the base station. The pilot strength measurement mes- 
sage contains information on the sector in which the 
base station is located, the time stamp, the pifot PN 



numbers, and the pilot strength, from which the angle- 
of-arrival can be estimated. (The pilot strength meas- 
urement message also contains the pilot phases, from 
which time-difference of arrival and angle-of arrival 
5 could be calculated If more base stations were visible.) 
Thus, PDE 150 can estimate the location of mobile ter- 
minal 120 using a combination of round trip delay and 
angle-of-arrival. 

[001 8] Further in accordance with the technique dls- 
10 closed in the '500 patent application, base stations 112 
and 114 and mobile terminal 130 provide PDE 150 with 
the information available when a mobile terminal sees 
two base stations. Thus, PDE 150 can estimate the lo- 
cation of mobile terminal 130 by weighting and averag- 
es ing the results of: 1 ) the combination of round trip delay 
and angle-of-arrival. and 2) the combination of round trip 
delay and time-difference-of-arrival. Base stations 112, 
114, and 116 and mobile terminal 140 provide PDE 150 
with the information available when a mobile temninal 
20 sees three base stations. Thus, PDE 150 can estimate 
the location of mobile terminal 140 by weighting and av- 
eraging the results of: 1) the combination of round trip 
delay and angle-of-arrival, 2) the combination of round 
trip delay and time-difference-of-arrival, and 3) time-dif- 
25 ference-of-arrival. Using a weighted average of several 
geo-location techniques may allow the estimation of the 
location of the mobile terminal with an accuracy of typ- 
ically between 200 m and 300 m. 
[001 9] In some applications the degree of accuracy of 
30 the location of the mobile terminal estimated with the 
various geo-location techniques and/or combinations of 
same, as just described, is acceptable. In other applica- 
tions, however, a still higher degree of accuracy is re- 
quired. In such cases, the estimated location can be 
35 used as a parameter in other techniques, for example, 
wireless assisted GPS (AGPS), to estimate the location 
of the mobile terminal more precisely, i.e. to refine the 
estimated location of the mobile terminal. 
[0020] The manner in which AGPS is used to estimate 
40 the location of the mobile terniinal is now described in 
more detail to show how a more accurate estimation of 
the location of the mobile terminal by the geo-location 
techniques results in a quicker estimation of the location 
by AGPS. 

45 [0021] In wireless communications systems that use 
AGPS, PDE 150 includes GPS receiver 160. GPS re- 
ceiver 160 receives GPS signals, each transmitted by 
one of the GPS satellites. The start of one cycle of the 
GPS signal is refen-ed to herein as the first chip of the 

50 GPS signal, where a chip is a time period that corre- 
sponds to one bit time of the spreading code used to 
spectrally spread the GPS signal. 
[0022] GPS receiver 160 determines at what local 
GPS time the first chip of one of the cycles of a GPS 

55 signal is received from a particular satellite, where GPS 
time is a time to which all GPS satellites are synchro- 
nized and to which GPS receivers try to synchronize. 
Typically, though, the GPS receivers are not able to syn- 
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chronize to GPS time perfectly, and there Is an offset, I. 
e. time difference, between GPS time and the GPS time 
at the receiver, referred to herein as the local GPS time. 
[0023] The local GPS time at which the first chip is 
received is based on the time at which the GPS satellite 5 
transmitted the signal and the time it took for the signal 
to travel to GPS receiver 160. Since the time period of 
the cycles and the speed and trajectory of the satellites 
are known, the GPS receiver can set up a search win- 
dow, typically of a certain number of chips, in which to 
look for the first chip of the GPS signal. This window Is 
often referred to as the code phase search window. 
[0024] It takes a significant amount of processor pow- 
er to determine the local GPS time at which the first chip 
is received. Performing this determination centrally, for 
example, In the GPS receiver of PDE 150, using the 
processor located in the PDE, and then providing the 
resulting search window to the mobile terminals allows 
the mobile terminals to use much smaller processors 
and still be able to fairly quickly determine when the.first 
chip of a GPS signal is due to arrive at the mobile ter- 
minals. The mobile terminal then uses the search win- 
dow to determine when the first chips of the various GPS 
signals arrive at the mobile terminal, which it then uses 
to determine GPS obtained location information. The 
GPS obtained location information is used by the mobile 
terminal or by the PDE (or another part of the wireless 
communication system) to estimate the mobile termi- 
nal's location. (Note that the above description address- 
es only the detection of the GPS signal in the time do- 
main, assuming the Doppler shift and frequency are 
known.) 

[0025] However, there are several factors that make 
the search window at GPS receiver 160 of the PDE not 
as accurate at the mobile terminals as it is at GPS re- 
c:eiver 160. The search window should be adjusted to 
accommodate for two of the important factors before the 
mobile terminal uses the search window. The first of 
these factors is that the mobile terminal is not located at 
the same location as GPS receiver 160, Therefore, the 
travel time of the GPS signal to the mobile terminal will 
be different than the travel time to the GPS receiver 160, 
which will change the time at which the first chip of the 
GPS signal arrives at the mobile terminal. The PDE can 
use the location of the mobile terminal and the GPS re- 
ceiver to adjust the search window to accommodate for 
the fact the mobile temninal and the GPS receiver are at 
different locations. 

[0026] The second of the factors that should be ad- 
justed for is the fact that the search window is calculated 
using local GPS time, referenced to GPS receiver 160, 
and the mobile terminal's clock may be offset from this 
local GPS time. This is explained with reference to mo- 
bile terminal 120. Mobile terminal 120 is synchronized 
to GPS time by synchronizing its clock with clock of base 
station 116, which is set to the local GPS time of GPS 
receiver 160. Mobile terminal 120 synchronizes with the 
clock of base station 116 by synchronizing to the first- 



chip of base station 116's pilot signal. However, by the 
time the first chip of base stations 116's pilot signal ar- 
rives at mobile terminal 120 a one way delay, i.e. the 
time for it to travel the distance between base station 
116 and mobile terminal 120, has elapsed. Therefore, 
the clock of mobile terminal 120 is offset from the local 
GPS time at GPS receiver 160 by the one way delay 
between mobile temninal 120 and base station 116. PDE 
150 can easily calculate the one way delay from the lo- 
cation of the mobile terminal, if PDE 150 has not already 
calculated the one way delay when it was calculating 
the location of the mobile terminal. (For example, if 
round trip delay was used to initially estimate the loca- 
tion of the mobile terminal PDE 150 already has the one 
way delay.) The PDE can use the one way delay to ad- 
just the center of the search window to accommodate 
for the fact the mobile terminal's clock is offset from the 
local GPS time at GPS receiver 160. 
[0027] Therefore, a more accurate estimation of the 
location of the mobile terminal provided by the geo-lo- 
cation techniques and the resulting more accurate esti- 
mation of the one way delay allows for more accurate 
estimation of the search window. A more accurate esti- 
mation of the search window allows for a quicker esti- 
mation of the 4ocation of the mobile terminal by AG PS. 
[0028] U.S. Patent No. 6.114,991, entitled "Auxiliary 
System For Assisting A NAHreiess Terminal In Determin- 
ing Its Position From Signals Transmitted From A Nav- 
igation Satellite", incorporated herein by this reference, 
discloses in more detail the operation of an AG PS sys- 
tem. 

[0029] Due to both ever-more-stringent govemment 
requirements and to the increased profitability of system 
operation resulting from improvement in the speed and 
accuracy of estimating the location of mobile terminals, 
such improvement is a continuing goal in the wireless 
communication industry. Thus, while the known geo-lo- 
cation techniques for estimating the location of a mobile 
terminal are good enough to fill most present require- 
ments, they may not fill proposed govemment require- 
ments and/or industry desires going forward. For exam- 
ple, most known geo-location techniques may not fill the 
currentiy proposed govemment requirement that by Oc- 
tober 1, 2001, wireless service providers be able to lo- 
cate a 911 caller with an accuracy of 50 meters 67% of 
the time, and 150 meters 95% of the time for so-called 
handset based solutions such as AGPS and 100 meters 
67% of the time and 300 meters 95% of the time. Even 
when the estimated location can be used as an element 
of other techniques, such as AGPS, the imprecision of 
this initial estimated location may require a significant 
amount of time for AGPS to estimate the location of the 
mobile temninal more precisely. Thus, there is still a 
need to estimate the location of the mobile temninal 
more accurately. 

[0030] The present inventors have realized that fur- 
ther improvement in estimating the location of a mobile 
terminal is possible. Some geo-location techniques, re- 
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ferred to herein as forward-link geo-location techniques, 
use information obtained only from the forward-linl< sig- 
nals-^the signals that are transmitted from the base sta- 
tion to the mobile terminal. Other geo-location tech- 
niques, referred to herein as reverse-link geo-location 5 
techniques, use information obtained from the reverse- 
link signals — the signals that are transmitted from the 
mobile terminal to the base station — either alone or In 
combination with information obtained from the fonward- 
link signals. The present invention takes advantage of 
the present inventors* recognition that when there are 
enough base stations visible to the mobile terminal to 
be able to use the geo-location techniques that use the 
information obtained from the forward-link signals, then 
the reverse-link signals are typically weak. 15 
[0031] This phenomenon is explained in more detail 
with reference to Figure 1. When a call is set up In wire- 
less communication system 100, a mobile terminal com- 
municates with the base station from which it receives 
the strongest pilot signal. When a mobile terminal is 20 
close to a base station, such as mobile terminal 120 to 
base station 116, mobile terminal 120 receives a fairly 
strong pilot signal from base station 116 and very weak, 
if any, pilot signals from any other base stations, thus, 
seeing only base station 116. When only one base sta- 25 
tion is visible to the mobile terminal only reverse-link 
geo-location techniques can be used to determine the 
location of the mobile terminal. 

[0032] As the mobile terminal moves further from the 
base station, such as mobile terminal 140, It is now able 30 
to detect pilot signals from three base stations, 112,114, 
and 116, so mobile terminal 140 sees three base sta- 
tions. Typically, forward-link geo-location techniques 
can be used, without any additional information provid- 
ed by reverse-link geo-location systerri. to determine the 35 
location of the mobile terminal when at least three base 
stations are visible to the mobile terminal. 
[0033] When mobile terminal 140 Is far from any base 
station it has to send the signals to the base stations at 
a significantly higher power level for the signal to arrive 
at the base station at an acceptable level of signal per- 
formance. Typically, the wireless communication sys- 
tem directs the power amplifier in the mobile terminal to 
maintain a fairly low power output in order to reduce the 
Interference and/or noise to other mobile terminals. ^5 
Therefore, the power amplifier may only provide enough 
power for the mobile terminal to transmit signals to the 
base stations so that they are received at the base sta- 
tion at. or just below the lower levels of acceptable signal 
performance, meaning that the reverse-link signal is so 
weak. This is even more of a problem when there is a 
significant amount of interference and/or noise and mo- 
bile terminal 140 needs to increase the power of the re- 
verse-link signal to compensate for both 1) the distance 
from the base stations and 2) the interference and/or 55 
noise. 

[0034] As the signal quality on the reverse-iink de- 
creases, i.e. the reverse-link becomes weaker, there are 



more errors In the signal on the reverse-link and It be- 
comes more difficult for the base station to accurately 
estimate the approximate location. 
[0035] Typically, the power amplifier In the base sta- 
tion can provide significantly more power then the power 
amplifier in the mobile terminal. Furthermore, In CDMA 
wireless communication systems the forward-link sig- 
nals are designed to be orthogonal to one another. 
Therefore, when the mobile terminal Is far from the base 
station the strength of the forward-link signals is typically 
larger than the strength of the reverse-link signals. 
[0030] As a result of the just described phenomenon, 
when there are enough base stations visible to the mo- 
bile terminal to be able to use the forward-link geo-loca-^ 
tion techniques, the reverse-link geo-location tech- 
niques may produce results that are less accurate than 
the results produced by the forward-link geo-location 
techniques. Thus, even averaging the results of the for- 
ward-link and reverse-link geo-location techniques may 
produce results that are less accurate than the results 
produced by the forward-link geo-location techniques 
alone. 

[0037] Estimating the location of a mobile terminal by 
using only forward-link geo-location techniques when 
there are enough base stations visible to the mobile ter- 
minal produces a more accurate estimation of the mo- 
bile terminal's location. It also allows AGPS systems to 
more quickly estimate a more precise location of the mo- 
bile terminal. 

[0038] In accordance with the present invention, then, 
the estimation of the location of a mobile terminal is im- 
proved by: a) using at least one forward-link geo-loca- 
tion technique without using any reverse-link geo-loca- 
tion techniques, this step being performed when there 
are enough base stations visible to the mobile terminal 
to be able to use the forward-link geo-location technique 
without using any reverse-link geo-location techniques 
to estimate the location, and b) using at least one re- 
verse-link geo-location technique when there are not- 
enough base stations visible to the mobile terminal to 
be able to use the forward-link geo-location technique 
without also concurrently using any reverse-link geo-lo- 
cation techniques to estimate the location. 
[0039] Figure 2 shows wireless communication sys- 
tem 200. Wireless communication system 200 is essen- 
tially the same as wireless communication system 100. 
except instead of PDE 1 50 wireless communication sys- 
tem 200 includes PDE 250 that embodies the principles 
of the present invention. Figure 3 illustrates the flow of 
the process of operation of wireless communication sys- 
tem 200 according to an illustrative embodiment of the 
invention. As indicated at step 300, PDE 250 obtains the 
number of base stations visible to a mobile terminal, for 
example by receiving this information from the mobile 
terminal. In step 305, the PDE then checks whether 
there are enough base stations visible to the mobile ter- 
minal to be able to use the forward-link geo-location 
techniques without using any reverse-link geo-location 
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techniques to determine the location of the mobile ter- 
minal. If the answer in step 305 is YES, such as for ex- 
ample for mobile terminal 140, then PDE selects the for- 
ward-link geo-location technique, or combination of for- 
ward-link geo-location techniques, to be used to deter- 
mine the location of mobile temiinal 140, step 310, for 
example time-difference-of-arrival. The PDE then ob- 
tains from mobile terminal 140 the Information needed 
to use time-difference-of-arrival to determine its loca- 
tion, step 315, and uses time-difference-of-arrival to de- 
termine the location of mobile terminal 140, step 320. 
[0040] The PDE then checks, in step 325, if AGPS is 
to be Used to obtain a more precise location of the mo- 
bile terminal. This decision can be based on any of a 
number of considerations, including the time frame to 
estimate the location and the desired accuracy of the 
estimation. If AGPS is not to be used, the answer in step 
325 is NO, then is step 33.0 PDE 250 makes the location 
of the mobile terminal available to the services of the 
wireless communication system that would use It, such 
as, for example, the ernergency 911 applications, or lo- 
cation based billing. 

[0041] If AGPS is to be used, the answer In step 325 
Is YES, then is step 335 the PDE uses the location of 
the mobile terminal to determine the one way delay be- 
tween the base station and the mobile terminal. As de- 
scribed above, the PDE uses the location of the mobile 
terminal and the one way delay to adjust the search win- 
dow, step 340, and provides the search window to the 
mobile temninal, step 345. The mobile temiinal then us- 
es the search window to determine when the first chips 
of the various GPS signals arrive at the mobile terminal, 
which it then uses to determlne.lts location. 
[0042] It will be recalled that the sequence of steps 
just described is earned out when the determination of 
whether there are enough base stations visible to the 
mobile terminal to be able to use only forward-link geo- 
location techniques to detemnlne the location of the mo- 
bile terminal, at step 305, resulted in an answer of YES. 
If on the other hand this determination resulted In an 
answer of NO, such as for example for mobile terminals 
120 and 130, the process then proceeds to step 360. 
{For ease of reference steps 360 through 370 are first 
described for mobile terminal 1 20 and then for mobile 
terminal 130.) At step 360 the PDE selects a geo-loca- 
tion technique, or combination of geo-location tech- 
niques, at least one of which is a reverse-link geo-loca- 
tion technique. For example the PDE can select a com- 
bination of round trip, delay and angle-of-arrival. The 
PDE then obtains, from base station 116, the informa- 
tion to use round trip delay and angle-of-arrival to deter- 
mine the location of mobile terminal 120, step 365, and 
uses round trip delay and angle-of-am'val to determine 
the location of mobile temninal 120, step 370. 
[0043] Similarly, for mobile terminal 130 the PDE se- 
lects a geo-location technique, or combination thereof, 
at least one of which is a reverse-link geo-location tech- 
nique to be used to determine the location of mobile ter- 



minals 130, step 360. For example, the PDE can select 
a combination of round trip delay and time-difference- 
of-arrival, where the time-difference-of-arrival is the time 
difference of arrival at mobile terminal 130 of signals 

5 ' from just two base stations, 112and114. The PDE then 
obtains, from base stations 112 and 114 and from mobile 
terminal 130, the information to use round trip delay and 
time-difFerence-of-arrivai to determine the location of 
mobile terminal 130, step 365. The PDE then uses 

10 round trip delay and time-difference-of-arrival to deter- 
mine the location of mobile terminal 130, step 370. 
[0044] The process then returns to step 325 and pro- 
ceeds as described above. 

[0045] The foregoing is merely illustrative. Thus, for 
15 example, in the illustrative embodiment only forward- 
link geo-location techniques are used to determine the 
location of a mobile terminal when the mobile terminal 
is able to see at least three base stations. Other fonvard- 
Mnk geo-location techniques may be developed in the 
20 future, if there are forward-link geo-location techniques 
that can be used, without any information from reverse- 
link geo-location techniques, when there are fewer than 
three base stations visible, then, in alternative embodi- 
. ments only fbnA/ard-link geo-location techniques are 
25 used when the mobile terminal is able to see that fewer 
number of base stations. 

[0046] Additionally, although in the illustrative embpd- 
irhent of the invention one freestanding PDE is shown 
as servicing a particular geographic area, In altemattve 
30 embodiments of the Invention there can be any number 
of PDEs servicing a particular geographic area. For ex- 
ample, the MSG can be connected to several PDEs, or 
the MSG can share a PDE with one or several other 
MSCs. Furthermore, the PDEs can be anywhere in the • 
35 wireless communication system. For example the PDEs 
can be free-standing as shown In Figure 2, co-located 
with any of the apparatus of MSG, or co-located with the 
base stations. The number of PDEs servicing a partic- 
ular geographic area depends on the type of location 
40 services available In the wireless communication sys- 
tem and the number of customers who utilize these serv- 
ices. 

[0047] Moreover, although in the illustrative embodi- 
ment of the invention the PDE includes a GPS receiver, 
<5 in altemative embodiments of the invention the PDE can 
receive the GPS, or similar, infomnation from a satellite 
reference service. The satellite reference service is a 
service that, for example, includes strategically placed 
GPS receivers that gather the GPS information that is 
50 would be required by the PDE, 

[0048] Furthermore, the wireless communication sys- 
tem can be any wireless communications system, such 
as a CDMA. 

[0049] While the invention has been described with 
55 reference to a preferred embpdiment, it will be under- 
. stood by those skilled in the art having reference to the 
specification and drawings that various modifications 
and alternatives are possible therein without departing 
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from the spirit and scope of the invention. 



Claims 

1, A method CHARACTERIZED BY the steps of: 

estimating the location of a mobile terminal us- 
ing at least one forward-link geo-location tech- 
nique without using any reverse-link geo-loca- 
tion techniques, this step being performed 
when there are enough base stations (112,114, 
116) visible to the mobile terminal to be able to 
use the forward-link geo-locatlon technique 
without using any reverse-link geo-location 
techniques to estimate the location; and 
estimating the location of the mobile terminal 
using at least one reverse-link geo-location 
technique when there are not enough base sta- 
tlons(112, 114, 116) visible to the mobile termi- 
nal to be able to use the forward-link geo-loca- 
tion technique without using any reverse-link 
geo-location techniques to estimate the loca- 
tion; 

a forward-link geo-locatlon technique being a 
geo-location technique that uses only infomna- 
tion obtained from one or more forward-link sig- 
nals to estimate the location of the mobile ter- 
minal; and a reverse-link geo-location tech- 
nique being a geo-location technique that uses 
information obtained from at least one reverse- 
link signal to estimate the location of the mobile 
terminal. 

2- The method of claim 1 , further CHARACTERIZED 

BY the step of determining whether there are said 
enough base stations (112, 114, 116), the determin- 
ing step being perfomned prior to the estimating 
steps. 

3- A method CHARACTERIZED BY the steps of: 

estimating the location of a mobile terminal us- 
ing at least one forward-link geo-location tech- 
nique without using any reverse-link geo-loca- 
tion techniques when there are at least a pre- 
determined number of base stations (112, 114, 
116) visible to the mobile terminal; and 
estimating the location of the mobile terminal 
using at least one reverse-link geo-location 
technique, when there are fewer then the pre- 
determined number of base stations (112, 114, 
116) visible to the mobile terminal; 
a forward-link geo-location technique being a 
geo-location technique that uses only informa- 
tion obtained from one or more forward-link sig- 
nals to estimate the location of the mobile ter- 
minal; and the reverse-link geo-locatlon tech- 



nique being a geo-locatlon technique that uses 
information obtained from at least one reverse- 
link signal to estimate the location of the mobile 
terminal. 

5 

4. The method of claims 1 or 3. CHARACTERIZED IN 
TH^ the predetermined number is three. 

5. The method of claims 1 or 3, CHARACTERIZED IN 
10 THAT a base station (112, 114, 116) is visible to the 

mobile temninal (120, 130, 140) when signals trans- 
mitted by that base station (112, 114. 116) are re- 
ceived at the mobile temninal (120, 130, 140) with 
at least a threshold degree of signal quality. 

15 

6. The method of claims 1 or 3, CHARACTERIZED IN 
THAT a base stations (112, 114, 116) Is visible to 
the mobile terminal (120, 130, 140) when that base 
station's pilot signal is received at the mobile termi- 

20 nal (120, 130, 140) with at least a threshold degree 
of signal quality. 

7. The method of claims 1 or 3, CHARACTERIZED IN 
THAT the reverse-link geo-location technique uses 

25 Information obtained from at least one forward-link 
signal In addition to the Information obtained from 
the at least one reverse-link signal to estimate the 
location of the mobile terminal. 

30 8. The method of claims 1 or 3, CHARACTERIZED IN 
THAT the forward-link geo-location technique com- 
prises a time difference of arrival technique. 

9. The method of claims 1 or 3. CHARACTERIZED IN 
35 THAT the forward-link geo-location technique com- 
prises an angle difference of arrival technique. 

10. The method of claims 1 or 3, CHARACTERIZED IN 
THAT the reverse-link geo-location technique com- 

40 prises round trip delay. 

1 1 . The method of claims 1 or 3. further CHARACTER- 
IZED BY the step of refining the estimated location 
of the mobile terminal using assisted GPS. 

45 

1 2. The method of claims 1 or 3, further CHARACTER- 
IZED BY the step of refining the estimated location 
of the mobile terminal (120, 130, 140) using assist- 
ed GPS responsive to receiving the estimated loca- 

50 tlon of the mobile terminal (120, 130, 140) and to 
receiving GPS obtained location information from 
the mobile tenninal (120, 130. 140). 
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